By means of analysis of 183 gynandromorphs induced with the claretnondisjunctional mutation of Drosophila melanogaster it was found that the mean proportion of male cuticle in these gynandromorphs was 42 per cent with a standard deviation of 22 per cent. Gynandromorphs arise in eggs laid by homozygous claret-nondisjunctional females as a consequence of loss of the maternal X chromosome in early cleavage mitoses. The distribution of gynandromorphs according to the proportion of male cuticle compared to the corresponding normal distribution suggested that multiple losses of the X chromosome are rare, and probably absent. A comparison of the observed distribution with a theoretical normal distribution expected on the assumption of first cleavage division loss of the X chromosome suggested that two-thirds of the gynandromorphs arise as a consequence of first division loss, whereas onethird arise as a consequence of X chromosome loss in a later division. Some 21 per cent of the gynandromorphs were haplo-4 mosaics also. In about threequarters of these the loss of the 4th chromosome had occurred in the same division as the loss of the X chromosome and, with one exception, the 4th chromosome was lost in the same cell line as the X chromosome. In about one-quarter of the haplo-4 mosaic gynandromorphs the 4th chromosome was lost in a different division than the X chromosome. In these cases the loss of the 4th chromosome seems to be equally frequent in the XX and XO cell lines.
. It is homologous with the claret mutation of Drosophila simulans analysed by Sturtevant (1929) . In both species the mutation causes nondisjunction of homologues in the first meiotic division, and loss of chromosomes in the second meiotic division of homozygous females, while meiosis in homozygous males is normal. Furthermore there may be loss of maternal chromosomes in early cleavage divisions of eggs laid by homozygous females, with the paternal chromosomes remaining unaffected (Davis, 1969) . A loss of the maternal X chromosome in an early division of a XX zygote generates populations of XX (female) and XO (male) cells thus giving rise to a gynandromorphic fly.
The aim of the present study was to investigate chromosome loss during early divisions of the eggs laid by homozygous claret-nondisjunctional females. This was done by analysing regular gynandromorphs found in the progeny of ca females. The results indicate that behaviour of chromosomes in the cleavage mitoses of eggs of ca females of Drosophila melanogaster is virtually identical with the chromosomes in the eggs of claret females of D. simulans. This is further evidence for the homology of the two mutations. Models of the timing of the X chromosome loss in the cleavage mitoses will be given.
MATERTAL AND METHODS
(i) Production ofgynandromorphs Lewis and Gencarella (1952) reported that 54 per cent of the progeny of females homozygous for ca were gynandromorphs. In Hinton's material (published by Davis, 1969) 4 7 per cent of the progeny of ca females were gynandromorphs. Of these 06 per cent were exceptional (XXY-XY), and 4i per cent regular (XX-XO) gynandromorphs. Davis (1969) observed 396 per cent regular, and 042 per cent exceptional gynandromorphs in the progeny of ca females. In the present study a total of 183 regular gynandromorphs were collected from the progeny of two crosses.
In the first cross +1+; ca/ca females were crossed toy w sn3/T; +1+ males. In the second cross +1+; ca/ca females were crossed toy w/Y; +1+ males. The first cross yielded 82, and the second cross 101 regular gynandromorphs. These were identified as mosaic individuals: the XX cuticle of wild type, and the recessive paternal markers (yellow, y l-00; white w 1-1.5, and singed, Sn3 l-210) expressed in the XO cuticle. The obviously non-gynandromorphs were discarded. The autonomous expression of yellow, white, and singed makes it possible to distinguish accurately between the female and male parts in the gynandromorphs. Ninety-four gynandromorphs from the second cross were inspected for 4th-chromosome mosaicism also. Haplo-4. cuticle has a typical Minute phenotype charactensed by diminished bristles (Lindsley and Grell, 1968) , while diplo-4 and triplo-4 tissues are not Minute. This was not done for the gynandromorphs from the first cross since the singed character of bristles makes it difficult to distinguish Minute and not Minute.
(ii) Estimation of the amount of the male cuticle in the gynandromorphs A picture of each gynandromorph was drawn on a ready printed scheme ( fig. 1 ). In most cases one can characterise the gynandromorph specimen by a single schematic drawing indicating female and male parts. The amount of male cuticle was measured (from the picture with the aid of transparent grid-paper of -cm 2) and expressed as percentage of the whole surface. The wings and legs were not included in the measurements. The frequency of 30 structures listed in table 2 exhibiting male cuticle was also tabulated from the pictures, as well as the number of male structures (parts) in each specimen. Since each of these structures is bilateral, the highest number of male parts was 60, and the number of sides scored 2 x 183 = 366. In case a given structure was mosaic, it was counted as half-male-halffemale.
(iii) Technical details
Because of the low fertility of ca females, the crosses were made with 10 females to a culture. Virgin females were put with 10 males in a 50 ml culture bottle containing standard Drosophila medium (consisting of semolina, syrup, and agar-agar), and kept there for 4 days. Thereafter the parent flies were transferred to fresh culture bottle for 2 more days. Thus
progeny from the first 6 days was collected. The progeny was raised at 25°C.
(iv) Statistical methods
The methods used to compare observed distribution with a normal distribution can be found in Snedecor and Cochran (1967, pp. 84-85) (drawing of the normal curve), and in Bonnier and Tedin (1940, pp. 254-261) (Chi-square test of normality of the distribution).
RESULTS
(i) The proportion of male cuticle in the gynandromorphs
The distribution of regular gynandromorphs according to the proportion of the male cuticle from the two crosses is presented in table 1. In the first cross the mean proportion of male cuticle was 3968 S.D. 2036 per cent. In the second cross the corresponding value was 4327 per cent. The frequency-distributions of the gynandromorphs of the two crosses did not differ significantly (X4' = 7.41). In the pooled material the mean proportion of male cuticle was 4l67 S.D. 225l per cent.
The frequency of different structures of the fly being male is shown in table 2. The mean frequency of maleness was 4l9l per cent which is very close to the proportion of maleness of the whole cuticle. Thus, the frequency of the structures being male is a reliable estimate of the real proportion of male cuticle. Portin (1977) analysed 42 regular gynandromorphs of Drosophila melanogaster from AxE 2/AxE2; ca/ca' xy w° AXE2 Sn 3/T; +1+ flies, and in these the mean frequency of different structures being male It can be concluded that the mean proportion of male cuticle in Drosophila inelanogaster gynandromorphs induced with the claret-nondisjunctional mutation in this study is about 42 per cent with a standard deviation of about 22 per cent. The data for D. simulans claret-induced gynandromorphs are comparable. l289 parts 2 1.48%
(ii) Fourth chromosome tnosaicisrn in tile gynandromorphs
Ninety-four gynandromorphs from the second cross were inspected for haplo-4 mosaicism. A total of 20 specimens were found to be so. Thus 2128 per cent of the regular gynandromorphs were found to be haplo-4 mosaics also. This figure is Consistent with the observation of Hinton (published by Davis, 1969 ) that 1 778 per cent of 388 Drosophila melanogaster can&induced gynandromorphs were haplo-4 mosaics. The data for D.
simulans claret-induced gynandromorphs are similar: in Sturtevant's (1929) material l962 per cent of the gynandromorphs were haplo-4 mosaics.
Haplo-4 mosaics occur far too frequently to be consistent with independent loss. D. melanogaster gynandromorphs have a 4-to 5-fold greater chance of being mosaic for the 4th chromosome than do non-gynanderic individuals (Davis, 1969; Hall et al., 1976) . It is also known that among haplo-4 mosaic gynandromorphs of D. simulans three-quarters had lost the X and 4th chromosome in the same mitotic cleavage and from the same daughter nucleus (Sturtevant, 1929) .
In from the same daughter nucleus. Only one specimen was found which had lost the 4th chromosome in the same division but from a different nucleus than X chromosome loss. Of the haplo-4 mosaic gynandromorphs a quarter had lost the 4th chromosome in a different division than the X chromosome. In these cases the loss of the 4th chromosome appears to be independent of the loss of the X chromosome in both D. inelanogaster, and D. simulans; i.e. the 4th chromosome seems to be lost equally frequently both in the XX and the XO cell line.
(iii) Female meiosis in gynandromorphs
In Drosophila female and male meioses differ in many basic features, e.g. crossing-over is absent in males. Gynandromorphs from the first cross were randomly collected in a culture bottle. Some of them laid eggs. The female tissue of these gynandromorphs was heterozygous y w sn3/+ + +, and they had mated with their + + +11" brothers. These gynandromorphs yielded a total of 145 offsprings. Of these 69 were males, of which eight werey w, and eight were sn. Thus, the crossing-over frequency between white and singed (23.19 per cent) is consistent with the standard value (about 195 per cent) . Despite the few data, it can be concluded that crossing-over, and obviously the whole control of female meiosis is autonomous. This is in agreement with Lieb's (1971) observation that recombination rate in the a I b c region of the second chromosome was normal in R(1)wvC induced gynandromorphs having female genitalia.
Discussro (i) An approach to the timing of X chromosome loss during cleavage divisions
The mean proportion of male cuticle, 41 67 per cent, in the gynandromorphs indicates that the mean time of maternal X chromosome loss is between first and second cleavage mitoses.
The large variation in the proportion of male cuticle (S.D. = 2251 per cent) has two causes. Firstly, less than 20 per cent of the cells of the hiastoderm will give rise to adult external tissues, whereas more than 80 per cent develop to adult internal tissues and larval tissues (Hall et al., 1976) . Thus, the cuticle represents a small sample of cells of the hiastoderm, and therefore a large variation in the proportion of male cuticle is to be expected. Secondly, gynandromorphs arise as consequences of maternal X chromosome loss in different cleavage mitoses. A loss in the first division usually causes a 50 : 50 distribution of XX and XO cells in the blastoderm. A loss in the second division results in 25 per cent of the blastoderm cells being XO, and so on. It is also possible that loss occurs in more than one division. For example a loss in the first and in the second division causes three of the first four nuclei to be XO. It can be concluded that if multiple loss of the X chromosome occurs, loss in the second and later divisions, following a loss in the first division, is much more infrequent than an initial loss in the second or later division. Let x be the frequency of loss in the first division, y the frequency of loss in the second division, and z the frequency of loss in both first and second division. The mean proportion of male tissue in percentages per gynandromorph is thus 50x+25y+ 75z. If y = z, the mean will be 50 per cent.
Since, however, it was observed that the mean was about 42 per cent, must be smaller than y. Likewise it can be shown that loss repeated in first, second, and third division must be more infrequent than an initial loss in the third division.
Although some gynandromorphs with very large XO patches occurred (table 3) , it is probable that multiple losses are very infrequent or totally absent. If they occurred with a significant frequency, the distribution of the gynandromorphs according to the proportion of male cuticle would differ significantly from a normal distribution because of the excess of gynandromorphs with large male patches. In table 5, and in fig. 2 the observed distribution of the gynandromorphs has been compared with a normal distribution which had the same mean and standard deviation as the observed. It appears that the observed distribution did not differ significantly from a normal distribution. Nor do the distribution of gynandromorphs from cross I or cross II tested separately differ significantly from a normal distribution.
The normal distribution of the gynandromorphs according to the amount of male cuticle suggests that the cuticle represents a random sample of the initial distribution of XX and XO cells. Furthermore it suggests, but does not prove, that multiple losses of the X chromosome do not occur, or are, in any case, infrequent.
The observed distribution of gynandrornorphs was also compared with the theoretical normal distribution expected on the assumption of X chromosome loss in the first cleavage division only, i.e. the observed distribution was compared with a normal distribution with a mean of 50 per cent but with a same standard deviation as the observed distribution (table 6, fig. 2 ).
A significant difference was observed (x = 3180; P < 0.001). The sum of the absolute values of the differences was 6177 (table 6) suggests that approximately one-third (61.77/183) of the gynandromorphs apparently arose as a consequence of later than first division loss of the maternal X chromosome, and two-thirds arose as a consequence of the first division loss. This is supported by the fact that the excess of gynandromorphs in classes to the left from the central class in the distribution as compared to the classes to the right from the central class was 57 = [(32-12) +(59-22)}. Assuming that no multiple losses of the X chromosome occurred, this represents the number of gynandromorphs which arose as a consequence of loss in a division later than first. This is also approximately one-third of the total number of gynandromorphs. The simplest model for the timing of the maternal X chromosome loss during cleavage is to assume that no multiple losses occur, but two-thirds of the losses occur in the first cleavage mitosis, and one-third in the second.
This would give an expected value of () x 50 + () x 25 = 41 67 per cent for the mean of the proportion of the m1e tissue. This fits the observed value. However, it is not impossible that the frequency of loss may decrease gradually as the cleavage proceeds. Assuming that multiple losses do not occur, and that the frequencies of losses in subsequent cleavage mitoses are related as 3 : I : : ..., where the sum of the second and subsequent division losses is one-third of the total number of losses, the expected value for the mean proportion of male tissues in the gynandromorphs would be 40 per cent which does not differ significantly from the observed value either.
Assuming that no multiple losses of the X chromosome occur, it may be concluded, albeit the power of tests used is not very high, that approximately two-thirds of the losses occur in the first mitotic cleavage, and approximately one-third in later divisions. If multiple losses occur, the probability of a repeated loss at a given division is smaller than the frequency of the initial loss at that division.
(ii) Correlation of 1/se loss of X and It/i chromosomes Elimination of the 4th chromosome is highly correlated with the elimination of the X chromosome. Approximately three-quarters of the 4th chromosome losses in the gynandromorphs were in the same division, and in the same daughter nucleus as the X chromosome loss. Approximately one-quarter of the losses of the 4th chromosome occurred in a different (apparently most often in a later) division than the loss of the X chromosome. In these latter cases the loss of the 4th chromosome appears not to be correlated with the loss of the X chromosome, i.e. the 4th chromosome was lost approximately equally frequent in the XX and XO cell line. These facts are of importance in considering the causes of chromosome loss in the eggs of homozygous ca' females.
